Abstract. The aim of this article is to determine the potential trade effects of Transatlantic Trade and Investment Partnership (TTIP) for the EU agri-food sector. The ex post analysis covered the characteristics of agri-food trade between the EU and the US in the years 2004-2014 on the basis of statistical data from the database of the World Bank WITS. The ex ante evaluation was carried out using SMART -a partial equilibrium model. The results of the study indicate that although bilateral agri-food trade relations of the EU-US have relatively little importance, but it is significant at the individual industries level. TTIP agreement, which includes the reduction of tariff barriers to agri-food trade between the EU and the US, will contribute to boosting bilateral agri-food trade to a greater extent for the US. The creation of a free trade produces mostly creation effect, whereby it will be asymmetric -concentrated in a few product groups.
INTRODUCTION
The EU-US negotiations regarding Transatlantic Trade and Investment Partnership (TTIP) have been underway since 2013. The purpose of TTIP is to promote investments and trade activities on both sides of the Atlantic, increase employment and competitiveness, and develop a common approach to the world trade rules. The implementation of TTIP is supposed to foster closer economic and investment ties between the EU and the US. There are three areas of negotiation (Parlament Europejski, 2015) , i.e.: improvement of market access on a reciprocal basis; reduction of non-tariff barriers and increasing the compatibility of regulatory systems; and establishing rules for addressing common challenges and leveraging the opportunities of global trade. The successful completion of negotiations would mean creating the world's largest free trade area with planned projects that include the liberalization of agri-food trade between the key players of the global agri-food market. Although the EU and US play a lesser role in international agri-food trade, their combined share still represents around 50% of the global sales volume (the EU and US shares are 40% and 10%, respectively)
POTENTIAL TRADE EFFECTS OF TARIFF LIBERALIZATION UNDER THE TRANSATLANTIC TRADE AND INVESTMENT PARTNERSHIP (TTIP)
1 . Compared to industrial goods, the EU-US bilateral relationships in the area of agri-food trade are relatively poor, and therefore could be strengthened with the agreement under negotiation.
The potential outcomes of TTIP are the subject of studies based on such tools as general and partial equilibrium models. Simulations are in progress to assess the welfare and trade effects within the EU and US economies or at the level of specific sectors and industries. Specific studies provide different results in function of the models and assumptions used, methods for non-tariff barriers estimation, scope of study and base year (Ecorys, 2009; Pelkmans et al., 2014; Ecorys, 2016; Puccio, 2016) . According to forecasts, the implementation of TTIP, depending on the adopted liberalization scenario (tariff liberalization only or extended with a reduction in non-tariff measures 2 ), will translate into a long-term GDP growth at a rate of 0.1-0.3% (Fontagné et al., 2013) or 0.1-0.5% in the EU and 0.04-0.4% in the US (Francois et al., 2013) . At the same time, these changes will be different in specific countries (Capadlo, 2014; Ecorys, 2016; World Trade Institute, 2016) . According to other studies, the long-term growth of per capita GDP will be 2.12% in the EU and 2.68% in the US (Aichele et al., 2014) . As regards commercial effects in bilateral EU-US relationships, an increase of general exports from the EU to the US, and from the US to the EU, is foreseen at a rate of 16-28% and 23-37%, respectively (depending on the adopted liberalization scenario, Francois et al., 2013) 3 . The results of a study by Ecorys (2016) also suggest that the export from the US to the EU will grow at a rate greater than, or comparable to, that of exports in the opposite direction. In turn, according to other estimations, these changes will attain a higher level of 49% and 52.5%, respectively (Fontagné et al., 2013) . According to estimations by Bureau et al. (2014) , the full duty reduction and the decrease of non-tariff measures by ¼ will result in a growth of the transatlantic market by 40% until 2025. In the agrifood sector, the forecasted trade evolution will also be asymmetric.
Study commissioned by the European Parliament suggest that the reduction of duties and non-tariff measures will result in a 56% increase in agri-food exports from the EU to the US and a 116% increase of imports from the US by 2025 (Bureau et al., 2014) . Having in mind the pattern of bilateral trade between the EU and the US, the forecasted changes will represent only 8% and 15% of generated exports from the EU to the US and from the US to the EU, respectively. Changes in trade flows will translate into a decline of intra-EU exports by 2.1%. As another consequence, the agricultural added value will decrease by 0.5% in the EU and will increase by 0.4% in the US. According to other estimates (Fontagné et al., 2013) , the bilateral agri-food trade flow will increase by around 150% (Josling and Tangermann, 2014) . In turn, Francois et al. (2013) believe that the agri-food exports from the EU to the US and from the US to the EU will grow by 15-16% and 21-22%, respectively. According to a study by Beckman et al. (2015) , agri-food exports from the EU to the US will decline by around 0.25% and the imports will grow by 0.5%. Meanwhile, agri-food exports from the US to the EU will grow by 2% and the imports will grow by 1%. Note that the forecasted consequences of the agreement will vary from one member country to another at the level of the economy and specific sectors. This is because the effects of TTIP are determined not only by the final form of the agreement but also by the GDP structure and trade flows of specific member countries, the level of foreign trade protectionism, the importance of trade with the US, and the complementarity/substitutability of bilateral trade flows.
The main purpose of this paper is an attempt to estimate the trade effects of the Transatlantic Trade and Investment Partnership for the EU agri-food sector. This study is focused only on the reduction of tariff barriers and the effects thereof on bilateral agri-food trade flows between the EU and the US. Thus, this paper does cover neither the liberalization of non-tariff measures nor the impact on intra-EU trade activities. The analysis was based on the SMART partial equilibrium model. The (ex ante) analysis of potential impact of establishing the transatlantic free trade zone was preceded by the (ex post) analysis of trade flows between the partners. The study relied on available statistical data from the World Bank's World Integrated Trade Solution (WITS) database. The analysis covers the 2004-2014 EU-US trade relationships regarding agri-food products classified within HS 4 Chapters 1 to 24 (Harmonized Commodity Description and Coding System).
VALUE AND STRUCTURE OF EU-US AGRI-FOOD TRADE
The European Union has been a major business partner on the global agri-food market for many years. As regards the EU's international trade, the agri-food trade volumes represent around 8% to 10% of exports and imports (Table 1) 5 . Note however that the importance of EU in the global agri-food market (40% approximately) resulted mainly from intra-EU trade flows. From 2004 to 2014, the yearly average share of intra-EU flows in the total EU agri-food trade volume was 75% in the 4 These are: 01 -live animals, 02 -meat and edible meat offal, 03 -fish and crustaceans, molluscs and other aquatic invertebrates, 04 -dairy produce; birds' eggs; natural honey; edible products of animal origin, not elsewhere specified or included, 05 -products of animal origin, not elsewhere specified or included, 06 -live trees and other plants; bulbs, roots and the like; cut flowers and ornamental foliage, 07 -edible vegetables and certain roots and tubers, 08 -edible fruit and nuts; peel of citrus fruit or melons, 09 -coffee, tea, maté and spices, 10 -cereals, 11 -products of the milling industry; malt; starches; insulin; wheat gluten, 12 -oil seeds and oleaginous fruits; miscellaneous grains, seeds and fruit; industrial or medicinal plants; straw and fodder, 13 -lac; gums, resins and other vegetable saps and extracts, 14 -vegetable plaiting materials; vegetable products not elsewhere specified or included, 15 -animal or vegetable fats and oils and their cleavage products; prepared edible fats; animal or vegetable waxes, 16 -preparations of meat, of fish or of crustaceans, molluscs or other aquatic invertebrates, 17 -sugars and sugar confectionery, 18 -cocoa and cocoa preparations, 19 -preparations of cereals, flour, starch or milk; pastrycooks' products, 20 -preparations of vegetables, fruit, nuts or other parts of plants, 21 -miscellaneous edible preparations, 22 -beverages, spirits and vinegar, 23 -residues and waste from the food industries; prepared animal fodder, 24 -tobacco and manufactured tobacco substitutes. 5 If only the trade flows between EU and third countries are considered, the importance of trade in agri-food products is adequately lower (with a share of 5-7%).
case of exports and around 70% in the case of imports 6 . The European Union has been a net importer of agrifood products for many years. The EU's agri-food trade balance has been in surplus only since 2012, reaching nearly USD 10 billion in the last year considered (Table 2). Note however that throughout the analyzed period, the positive balance of agri-food trade was typical of intraregional agri-food trade flows. In that period, the EU imported more agri-food products from third countries than it exported to such countries. Also, since 2008, the exports have grown at a higher rate than imports. As a consequence, the EU's deficit in agri-food trade flows with third countries has reduced ( Table 2) .
As a part of EU's trade relationships with third countries, the agri-food trade with the US demonstrated a relatively stable positive balance (Table 2 ). At the beginning of the period considered, the US was the destination for more than 1/5 of agri-food exports from the EU to third countries. However, in subsequent years, the importance of US has been on a consistent decline to reach 13% in 2014 (Table 1 ). The reduction of the US share was also noticeable in imports (by 10% in 2004, 7% in 2009 and around 9% in 2014) 7 . In the recent years, the US market, both as the buyer of EU products and as the supplier of agri-food commodity 8 for EU consumers, has been superseded by third-country markets.
In the period considered, the EU-US exports were dominated by prepared foodstuffs (HS Chapters 16 to 24), representing around ¾ of all agri-food products imported to the US (Table 3) . More than 1/5 of total agri-food exports from the EU to the US were products of animal or vegetable origin (HS Chapters 01 to 05 and 06 to 14). In the first group, beverages and spirits 6 Such a high share of trade flows between member countries is regarded as a symptom of the EU market's isolation from third countries. However, different conclusions can be drawn when analyzing the intensity of external imports per capita (Rowiński and Bułkowska, 2013) .
7 The US share in the EU's total agri-food trade flows reached adequately lower levels, i.e. 3-5% in the case of exports and 2-3% in the case of imports. In turn, as regards the EU's general trade relations with the US, the agri-food flows has a relatively small share, i.e. an average yearly level of 5% for the exports and 4.3% for the imports.
8 For the EU, Brazil is a larger supplier of agri-food products. The EU does not represent a major market for US exporters either. The EU's share has been on a consistent decline as the Asian markets grew in attractiveness (Josling and Tangermann, 2014) . www.jard.edu.pl (HS Chapter 22) were dominant 9 with an export value accounting for more than a half 10 of all agri-food commodities exported to the US. Another important product group exported from the EU to the US market were dairy products (HS Chapter 04), accounting for half of the exports of live animals and animal products (HS Chapters 01 to 05), with an average yearly share hovering at just above 5%. Similar EU export volumes were recorded for animal and vegetable fats and oils (HS Chapter 15), preparations of cereals (HS Chapter 19) and preparations of vegetables and fruits (HS Chapter 20). In the period under consideration, the above listed five product groups accounted for more than 70% of all agri-food exports to the US 11 . 9 The yearly average exports value in the 2012-2014 period was at around USD 10.5 billion. As the imports volume was low (USD 1.9 billion, approximately), this translated into a positive balance of more than USD 8.6 billion.
10 In period). The import of the commodity groups identified above to the EU accounted for around 68% of the US agri-food exports in the 2012-2014 period which means an increase by 4 percentage points from the beginning of the survey period. Upon analysis, the structure of agri-food flows between the EU and US is found to be relatively stable and to involve complementary operations and inter-industry flows 13 . Trade flows with the US are of relatively low importance to the EU's agri-food trade. However, as the flows are focused only on selected commodity groups, 13 This is confirmed in studies by Josling and Tangermann (2014) who also conclude that the low levels of intra-industry trade mean an opportunity for trade growth, provided that the barriers are reduced. the trade with the US plays a major role for specific agricultural or agri-food sectors. Such a commodity structure of bilateral trade flows is due to the fact that, on both sides of the Atlantic, agricultural activities take place in similar climate zones. As a consequence, substitutional agricultural raw materials and unprocessed foods are manufactured. Also, tariff and non-tariff barriers are used to compete on the global agri-food market.
POTENTIAL EFFECTS OF TARIFF LIBERALIZATION IN THE EU-US TRADE

Methodological assumptions
The SMART 14 partial equilibrium model was used to estimate the effects of liberalization. Partial equilibrium 14 As regards the relevant Polish literature, the results of SMART-based studies may be found in papers by Ambroziak and Kaliszuk (2009); Hagemejer et al. (2016) . models, including SMART, are used to assess the effects of trade policies 15 , in addition to general equilibrium models 16 . The SMART model used in this analysis 15 Note that these models demonstrate both advantages and disadvantages which determine the quality of results. Advantages of partial equilibrium models include the use of relatively easily available variables (e.g. trade flows, duty rates) and of a selected group of parameters (e.g. price elasticity of imports). Also, they allow for making estimations based on statistical data disaggregated at a relatively detailed level. However, their disadvantage is that the calculations are focused on single markets and are based on a predefined group of variables. As a consequence, the simulations are highly sensitive to erroneous estimations of model parameters. These models exclude the relationships with other markets, intra-sectoral dependencies (relationships between inputs and outputs or horizontal and vertical links). Also, they preclude the possibility of productive inputs flow between the sectors, and the substitutability of products. 16 In addition to the computable equilibrium models listed above, econometric models, macroeconomic models and . In order to perform a simulation, exogenous parameters are used, such as price elasticity of export supply, price elasticity of import demand, and elasticity of import substitution between products originating from different countries. As the final outcome, the model allows to estimate the trade effect which includes the trade creation effect and the diversion effect. The first one means changes in exports resulting from the exporter's improved price competitiveness caused by the reduction in the trade partner's duty rates. The second one means changes in trade flows determined by the evolution of the relative price competitiveness of the exporters.
In this model, the trade creation effect is defined as the increase of demand (in country j) for the good i originating from country k as a result of a decrease or reduction of tariff and non-tariff barriers. In the model, with: TC ijk -trade creation effect in respect to good i imported from country k to country j; M ijk -imports of good i to country j from country k; µ -price elasticity of import demand; t ijk -duty on good i imported from country k by country j; β -price elasticity of export supply.
The trade diversion effect means the increase in share of imports of good i from country k in the total imports of country j as a result of a decrease or reduction of tariff probabilistic models etc. are also employed to forecast the effects of trade policy. For more information, see Poczta-Wajda and Sapa (2011); Pawlak (2015) , for instance.
17 This means there are several varieties of the same product, depending on the country of origin. Therefore, varieties of goods are similar goods rather than perfect substitutes. Also, there is a constant elasticity of substitution for the varieties of a specific product between various countries. and non-tariff barriers, at the expense of reducing the share of imports from the rest of the world K outside the preferential system. In the model, that effect is described by the following equation (Khorana et al., 2009 with: TC ijk -trade diversion effect in respect to good i imported from country k to country j; M ijk -imports of good i to country j from country k; M ijK -imports of good i to country j from the rest of the world K; t ijk -duty on good i imported from country k by country j prior to changes in duty rates (0) and thereafter (1); λ -elasticity of import substitution.
The net effect (TE) is the sum of the creation and diversion effect, as described with the following equation:
Two liberalization scenarios were covered by the simulation. The first one assumes a full reduction of duties for any group of agri-food commodities imported by the US (importer) from EU countries (exporter). In turn, the second scenario assumes the elimination of duties for agri-food commodities imported by the EU (importer) from the US (exporter). Note also that the simulation used the values of exogenous parameters saved in SMART from WITS. The price elasticity of supply and the price elasticity of import substitution were set at the level of 99 and 1.5, respectively. The liberalization scenarios covered agri-food products defined at the twodigit data disaggregation level of HS nomenclature. The starting level of trade flows and duties was that of 2014.
Simulation results
Although the tariff barriers in the EU-US trade have been consistently reduced throughout the years, they still exist, especially as regards agri-food products. In 2014, the average level of tariff protection 18 in respect to EU imports of agri-food commodities was 12.2%. In the US, the tariff protection level was lower and reached www.jard.edu.pl . Note however that the duty rates vary from one group of imported products to another. The highest protection levels were applied to such good as tobacco, dairy products, sugar, meat products, products of the milling industry, vegetables and processed vegetables.
Based on the simulation performed with the use of SMART, it may be concluded that the full reduction of import tariffs by the US and the EU will translate into a boost of agri-food trade flows. According to forecasts, greater relative changes in exports of agri-food products will be recorded in the US 20 . The total increase in agri-food exports in the US and the EU was estimated at a level of 9.2% and 8.5%, respectively (Table 4 and 5). Note that in both cases the additional agri-food export flow is mainly driven by the creation effect. In the US, as well as in the EU, it represents an approximate share of 70% of the total expected trade effect 21 . Having in mind the relatively low importance of the EU-US trade flows, the estimated trade effect of tariff liberalization will translate into a slight increase in the EU's total (including extra-and intra-regional flows) and extraregional agri-food trade flows. These changes will be around 0.2% of the total agri-food exports and imports, and around 0.78% and 0.61% of the extra-regional agri-food exports and imports, respectively (Tables 4  and 5) 22 . Note that the expected changes in agri-food trade flows vary from one commodity group to another. As regards live animals and products of animal origin, the 19 In the case of non-agricultural commodities, the rates were respectively lower, i.e. 4.2% for the EU and 3.2% for the US. The average level of protectionism was higher in the EU (5.3%) than in the US (3.5%).
20 Greater effects for the US are also expected in other studies. See, for instance, Francois et al. (2013) , Josling, Tangermann (2014) , Bureau et al. (2014) , Beckman et al. (2015) .
21 Note that the determinants of the value of the diversion effect include the price elasticity of import substitution. As mentioned earlier in this paper, the simulations were based on elasticity values from SMART/WITS. The use of another dataset will affect the results.
22 Note however that the estimated changes differ from one member country to another as regards both the general agri-food trade and the flows of specific product groups. For instance, relatively smaller trade effects of the reduction of US tariffs will be experienced by such countries as Malta, Cyprus, Lithuania, Latvia or Estonia. The greatest positive changes in agri-food exports will be recorded in France, Germany and Italy. highest increase (by more than 16%) will be recorded for dairy products, birds' eggs and honey (HS Chapter 04) exported from the EU to the US, with a total change of nearly 8.4% in export volumes covered by that Chapter (Table 4) . For the US, the relative increase in value of the whole section I is supposed to be nearly 5 times higher (over 43%). The greatest changes are expected as regards exports of meat and edible offal (HS Chapter 02), and fish, crustaceans, molluscs or other aquatic invertebrates (HS Chapter 03), and are supposed to exceed the levels of 182% and 51% 23 , respectively (Table 5). For the EU, the above changes are of relatively low importance in the respective total and extra-regional trade flows of products of animal origin (Tables 4  and 5 ). Meanwhile, when it comes to the EU's imports, the changes are estimated to be greater (0.34% for total EU imports and 1.5% for extra-regional imports).
As a part of Section II, which includes products of vegetable origin, the value of products of the milling industry (HS Chapter 11) exported from the US to the EU will grow by almost 40% (Table 5 ). The increase in vegetable exports (HS Chapter 07) from the EU to the US is estimated to reach a similar level. As regards fruits (HS Chapter 08) and products of the milling industry (HS Chapter 11, Table 4), the exports volume is expected to change by more than 10%. The estimated changes in trade flows represent only 0.09% and 0.1% of the EU's total exports and imports of products of vegetable origin, respectively, and 0.4% and 0.9% of extra-regional flows, respectively (Tables 4 and 5 ). The assumed liberalization of tariffs may contribute for both the EU and US to experience a similar relative increase in trade flows of products covered by Section III (Tables 4  and 5 ). At the same time, absolute changes will be more than 2.8 times higher for the corresponding US export flows. When it comes to both total and extra-regional trade flows of the EU, these changes will be of relatively low importance. However, the import volumes will be impacted to a greater extent (Tables 4 and 5 ).
The total simulated changes to exports of commodities covered by Section IV are 2.7 times higher for the EU than for the US (Tables 4 and 5) , although the corresponding relative changes are at a similar level. The primary consequence of the tariff reduction as per the www.jard.edu.pl adopted scenario will be the more than fourfold growth in volumes of tobacco (HS Chapter 24) exported from the EU to the US. Also, relatively high changes (a 30% increase) are expected in the area of confectionery products (HS Chapter 17). The reduction of EU tariffs for agri-food imports from the US will involve an increase in tobacco exports from the US by nearly half (HS Chapter 24). Also, there will be an almost 27% increase in export volumes of processed fruit and vegetables (HS Chapter 20). The exports of sugar and sugar confectioneries (HS Chapter 17) and of preparations of cereals (HS Chapter 19) will grow by 22-24% (Table 5) . As regards commodities covered by Section IV (unlike in the case of other goods), while the changes represent a higher share in the EU's total and extra-regional exports (Tables 4 and 5), their values remain low (only the share of extra-regional exports exceeds 1%, Tables 4 and 5 ).
SUMMARY
Based on the studies, it may be concluded that while the EU and US are the key players in the global agri-food market, their mutual trade relations in that area are of relatively low importance. Also, the US share in intra-EU agri-food trade flows has declined over the period considered. This is an indication that the US market (both as the buyer and as the supplier) is being superseded by third countries. However, it should be clearly noted that bilateral relationships are of a relatively grater importance to specific industries or sectors, as confirmed by the commodity structure of the EU-US agrifood trade flows. Signing the TTIP agreement, which includes reducing tariff barriers in the EU-US agri-food trade, could help boost the bilateral agro-food trade flows. According to simulations, the US will experience a greater total increase in agri-food exports than the EU. Also, the establishment of the free trade zone will mainly trigger an asymmetric trade creation effect (focused on several HS Chapters) for the EU-US agri-food flows. In the EU, the highest relative increases in export volumes are expected to be recorded for the tobacco, vegetables, sugar, confectionery products and dairy products. In the US, that group will include meats and offal, fish and crustaceans, products of the milling industry and tobacco. Therefore, TTIP means both an opportunity and a threat for the EU agri-food producers. Note also that the estimated changes in trade flows are of relatively low importance in the EU's total and extra-regional agri-food trade flows.
The liberalization scenarios used in this study envisage only the full reduction of tariff barriers. Note that, having in mind the existing relatively low level of customs protection of the agri-food market in the EU and the US, there will not be any significant improvement in the conditions of access to that area. However, the ultimate effects of establishing the EU-US free trade zone will be determined by the final wording of the agreement, including the tariff reduction level and the method for reducing non-tariff barriers.
